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Changing written Bragg wavelengths of fiber gratings

via one phase mask and two prisms
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Abstract; A phase mask interferometer is developed to write gratings with an arbitrary Bragg wavelength. In
this system, the gratings are written by the UV interference fringes derived from two rotatable prisms, and the
phase mask is used as a beam splitter. Furthermore, when the undersides of two prisms with the vertex angle
defined by the +1 diffraction angles of phase mask and the refactive index of the prism are parapllel each oth-
er, the phase mask initializes the reference quantity of Bragg wavelength. As the shift of Bragg wavelength is 1
nm, the maximum rotation angle of the prism is 1°, and the minimum rotation angle is 2.4’. By contrasting
with the rotation angle 23”/nm of the mirror in Talbot interferometer, the rotation precision of the prisms is de-
creased by two or three orders of magnitude in this phase mask interferometer. Instead of many phase masks

with different grating periods, the phase mask interferometer can write grating with the written wavelength of

75 B #A:2009-01-11 ; 1&4T H 89 :2009-03-13
BEETH : =i AR H AR ZHELT EMHA TAZ RSO ATSE (2007F181M)



422 W E D 2E 5 N R

B2k

1 450 —1 600 nm via a phase mask and two rotatable prisms.
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1 Introduction

Since the fiber was placed directly behind a
phase mask by K. O. Hill et al. """, this method has
been used widely for writing fiber Bragg grating. In
this scheme, the grating period of phase mask corre-
sponds to an identical inscribed Bragg wavelength.
Therefore many methods for changing the written

One of the

most effective methods is the Talbot interferometer

Bragg wavelength are developed ™.

technique, which employs one phase mask and two
UV-reflected mirrors to spatially modulate the UV
writing beam**'. However, the rotation angle of the
mirror is 23”/nm in Talbot interferometer, in which
it is hard to satisfy the rotation precision.

Basing on above consideration, this paper offers
a tunable phase mask interferometer which includes
a phase mask and two rotatable prisms to change the

written Bragg wavelengths of gratings.

2 Operational principle of a phase

mask interferometer

The phase mask interferometer is consisted of a
phase mask and two rotatable prisms, and the fibers
are placed in near or far field interfering fringes, as
shown in Fig. 1. Where a screen is placed in the ze-
ro-order block, the residual zero-order light is avoi-
ded from the interfering fringes.

With the period A, of the phase mask, the in-
cident light and the diffracted light satisfy the gener-
al diffractive equation;

Ay
Ay = m, (1)
where 6/2 is the +1 order diffracted angles, Ay is
the wavelength of incident light. In this interferome-

ter, the + 1 order diffracted UV beams refracted

Optical fiber

Phase mask \%/
A

Fig.1 Schematic diagram of phase mask interferometer

with one phase mask and two prisms

twice by two prisms are interfered in fiber. Here,

the period of the fiber Bragg grating A is given by

the mutual angle of two interfering beams 7 ;

Ayy

= ﬁ, (2)

In Fig. 2, after the diffractive beam is incident

to one of the equiangular planes of prism at the angle

of o =a/2 +6/2, the beams are refracted at the an-
gle of /2

sin(¢p) = nsin(a/2), (3)

where n_ is the refractive index of UV-transmitted

prism with a vertex angle a.

Fig.2 Vertex angle o defined by +1 diffraction angles
0/2 derived from phase mask and refractive in-

dex n_ of prism

Inserting ¢ = /2 +6/2 into Eq. (3), the ver-
tex angle of prism can be expressed as;

sin(6/2)

n, —cos(0/2)]’ 4

a = 2arctan|
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Then, the once refracted beam in prism is pro-
jected to the other equiangular plane at the angle of
/2. Refracted from this plane again, the beam e-
mits at the angle of ¢ from the prisms. Finally, the
refracted beams are interfered in the fiber at the half
angle of 8/2. In Fig. 1, the phase mask is not only
used as a beam splitter, but also initializes the refer-
ence quantity of Bragg wavelength when the under-
sides of two prisms are parallel each other. Here,
the period of fiber Bragg grating is equal to the half
period of phase mask ;

Aoy A

_ _ pm
T 2sin(672) 0 27 )

In this scheme, the optical paths of the two in-
terfering beams are symmetrical, and make this in-
terferometer suitable to use with low-spatial-coher-
ence sources. In noncontact writing scheme, the fi-
ber is placed in the far field interfering fringes,
where the overlaps of the two interfering beams form
a diamond fringe with the maximum length L, =L, .
In Fig. 1, the maximum optical path difference SLq;
is the difference between the =1 order diffractive
light beams derived from the point S, and intersec-
ted at the point F,

8Ly, = (Lye +nLyy + Ly, —
(Lgy +n.Lyy + L), (6)
where, Lg,, Ly, Lyr, Lsc, Ly, and Ly, are
the lengths between the corresponding points. Ac-
cording to the geometry of optical path in Fig. 1,
Eq. (6) can be simplified as:

sin(a/2) ]
cosp

To satisfy the coherence condition, the maxi-

8Ly =2L,[ntan(a/2) - (7)

mum optical path difference is less than the temporal
coherence length ;
oLy, < L, (8)
where L, is the temporal coherence length of the
laser source in the two-beam interferometer.
The prisms are at halfway between the phase
mask and the fiber. In Fig. 1, the distances between

the prism to the phase mask, and to the fiber can be

expressed as:

W, + L.cos(6/2)

l, = > cot(6/2) + L.cos(a/2)
W, + L.cos(6/2 ’
I, = — b(;os( )cot(0/2)

(9)
where, [, is the distance between the prism to phase
mask, [, is the distance between the prism to the fi-
ber, and W_ is the transverse gap between the two
prisms. For considering the zero-order block, the
gap W_ between two prisms can be defined as,

W, > L,, (10)

Because the beam is incident to one of the e-
quiangular planes of prism at the angle of ¢, the
effect length L, is limited by the length L, of the e-

quiangular plane as:

cos( )
Lg<LSCOS(0/2), (11)

3 Changing written Bragg wavelength

by rotating two prisms

In this scheme, the rotation of prisms plays a
critical role for changing the written Bragg wave-
length, as shown in Fig. 3. The broken and solid
lines indicate the optical paths before and after rota-

ting the prisms at the angle of §, respectively.

Fig.3 As the prism is rotated at the angle of §, the di-

rection of beam is changed at the angle of §',
and the intersection between two beams is moved

at the distance of Al

The =1 order diffractive beams derived from
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the phase mask are incident to one of the equiangu-
lar planes of prism at the angle of ¢. As the prisms
are rotated at the angle of §, the incident angle is to
¢ — 8. According to the refractive law, the refractive
angle B is formulated by :

B = arcsin[

%‘;“ﬁ], (12)

where, n_ is the refractive index of the UV-transmit-
ting prism. Then, the once refracted beam in prism
is incident to the other equiangular plane at the an-
gle of @ — B. Finally, the angle ¢’ at which the
beam is refracted is:
¢' = arcsin[nsin(a - 8) ], (13)
and the written angle change §' is given by
8 =¢' - (¢ +0). (14)
Thus, instead of ¢ in Eq. (2), the period of
the fiber Bragg grating can be rewritten as
A
= m (15)
Given the Bragg condition, the Bragg resonance
wavelength can be represented in terms of the UV
writing wavelength and the half angle ¢ = /2 + &’
between interesting UV beams as

N A py
sin(0/2 +68") "

where, n is the effective core index of the fiber.

Ay =2n4,A = (16)

For photo-writing in the diamond bridge of the
interfering fringes, the fiber is moved with the maxi-
mum interfering length ;

Al = W, +LSCZOS<0/2) ‘

[cot(8/2 +8") —cot(6/2)] . (17)

In this phase mask interferometer, the grating

period of phase mask is A, =1 084 nm, the wave-
length of UV is A,y =248 nm. Using Eq. (1), the
diffractive angle of +1 order diffraction light /2 is
13. 225°. Because the refractive index of deep ultra-
violet fused silica prism is n, = 1.55 at the wave-
length of 248 nm'®’ | the vertex angle of prism is «
=43. 289° derived from Eq. (4), and the incident
angle ¢ is a/2 +6/2 =34.870°.

The coherence length of typical excimer laser is

about fraction of one mm, even though the EX10BM
laser (GAM LASER, Inc., USA) offers a temporal
coherence length of L, =5 mm. In order to satisfy
the coherence condition of Eq. (8), one can have
the maximum optical path difference as 8Ly =5
mm. According to Eq. (7), the effect length of
phase mask is limited to L, = 15 mm. Then, the
length of the equiangular plane is L, > 18 mm from
Eq. (11).

In the core of optical fiber, the effective refrac-
tive index is n; =1.46. In Fig. 4, we present the
curve of the Bragg wavelength A, as a function of the

rotation § of prisms from Eq. (16).

1600

1550

A/nm

1500

1450 ‘ . .
—10 =5 0 5 10
0/(%)

Fig.4 Relation of Bragg wavelength with rotation angle

of prism

To satisfy the size of the refracted plane in Eq.
(11) and the size of the mechanical setup, the
length of the equiangular plane is L, =30 mm. Ac-
cording to Eq. (10) , the length of gap between the
two prisms is W, =30 mm. As a result in Eq. (9),
the longitudinal distance between prism and phase
mask is [, =154 mm, and the longitudinal distance
between prism and fiber is /, = 126 mm. Fig. 5
shows the shift Al of the maximum interfering fringe
as a fuction of the rotation § of the prism by Eq.
(17).

It is worthwile to point out that the change of
the written Bragg wavelength depends on the mutual
angle of two prisms. As the angle of prism is rotated
from 0° to 10° or to —10°, the Bragg wavelength is
1582.7-1481.5 nmor 1 582.7 =1 496.7 nm in
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Fig.5 Position of maximum interfering length shifted by

rotation angle of prism

Fig. 4, and the shift of the maximum interfering
fringe is 0 = 8.3 mm or 0 =7.1 mm in Fig. 5. As
the shift of Bragg wavelength is 1 nm, the maximum
rotation angle of the prism in this interferometer is
1°, or the minimum rotation angle is 2.4’. By con-
trasting with the rotation angle 23”/nm of the mirror

[5

in Talbot interferometer'> ®' | the rotation precision

of the prism is decreased by two or three orders of

magnitude in this phase mask.

4 Conclusions

The fiber Bragg grating is written by the 248 nm
UV interference fringes derived from the prisms,
where the phase mask is used as a beam splitter of
+1 order diffraction lights. The variation of written
Bragg wavelength is depended on the mutual angle
between two writing beams, which can be changed
by rotating the prisms. At the same time, the fiber
is moved with the diamond bridge of the interfering
fringes. It is noteworthy that the rotation precision of
the prisms in the phase mask interferometer is lower
two or three orders of magnitude than that of the mir-
rors in Talbot interferometer. By using only a phase
mask and two rotatable prisms, the phase mask in-
terferometer can write grating with the written wave-

length of 1 450 ~1 600 nm.
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